Objective: to investigate a high-intensity functional exercise (HIFE) group in hospitalised older adults. Design: assessor-blinded, randomised-controlled trial. Setting: sub-acute wards at a metropolitan rehabilitation hospital. Participants: older adults ≥65 years (n = 468) able to stand with minimum assistance or less from a chair and follow instructions. Intervention: 'group' participants were offered a standing HIFE group three times a week and individual physiotherapy sessions twice a week. Control participants were offered daily individual physiotherapy sessions. Main outcome measures: the primary outcome measure was the Elderly Mobility Scale (EMS). Secondary measures included the Berg Balance Scale, gait speed, Timed Up and Go Test, falls, length of stay and discharge destination.
Introduction
Following an acute illness, many hospitalised older adults are prescribed physiotherapy to optimise mobility and function. Hospitalisation of older adults can contribute to functional decline as a result of reduced activity levels [1] ; physiotherapists play a crucial role in maximising their mobility and independence (in acute or sub-acute hospitals) through the prescription and delivery of exercise programmes [2] . Population ageing will place increased pressure inpatient services and therefore it is increasingly important that the physiotherapy they provide is efficient and effective.
The type and intensity of exercise are important factors in determining outcomes. Weight-bearing (standing) exercise may have additional benefits over non-weight-bearing exercise for the functional performance of older adults [3, 4] . High-intensity strength training has been shown to be safe with significantly greater effects on lower limb strength, endurance and disability when compared with low-intensity programmes [5] [6] [7] .
Functional weight-bearing exercises may include everyday tasks such as sit to stand and practice of these may improve functional performance. Those with cognitive impairment can participate in functional-based group exercise with evidence to suggest improvements in mobility [8] and mitigation of functional decline [9] . Providing exercise in a group setting may also improve therapist efficiency [10] [11] [12] . Little is known, however, about the efficacy of a high-intensity functional exercise (HIFE) group programme in hospitalised older adults. This study sought to determine if a HIFE group improves clinical outcomes and therapist efficiency more than individual physiotherapy alone in older adults undergoing inpatient rehabilitation.
Methods

Design
An assessor-blinded, randomised-controlled trial was undertaken. Staff not involved in participant care conducted randomisation ('intervention' or 'control') by opening a sealed, sequentially numbered, opaque envelope. The randomisation sequence was generated by an individual unrelated to the study and was concealed from the researchers.
Participants
Adults aged ≥65 admitted to Geriatric Evaluation and Management wards at a rehabilitation hospital (Melbourne, Australia) were screened for inclusion on admission. These patients typically have a variety of primary diagnoses with multiple co-morbidities and are functioning below their premorbid level; as such, require a period of rehabilitation in order to return home. Those who were physically able to participate in weight-bearing exercise were eligible, i.e. adequate exercise tolerance, able to stand from a chair with minimum or no assistance. Exclusions were medical instability, pre-morbidly nonambulant, mini-mental state examination (MMSE) <10, admitted for palliation, weight-bearing restrictions, planned discharge <7 days and those with inappropriate behaviour or cognition for group exercise. Inpatients not initially eligible were screened during their admission for subsequent eligibility. This study received ethics approval from Alfred Health (10/2008) 
Control group
The control arm comprised individual physiotherapy sessions aimed at 5×/week (usual care). Therapy may have included (but not limited to) gait retraining, aerobic, balance and strength exercises, range of movement, transfers and stairs practice. The type of exercise, intensity and duration was determined by the treating physiotherapist/allied health assistant in conjunction with the participant.
Interventional group
The intervention included an exercise group 3×/week and individual physiotherapy 2×/week. Classes held a maximum of six participants and were taken by one staff member (physiotherapist or allied health assistant who was trained to run the group). Group classes were 45-60 min in duration and the content was prescribed from a set selection of weight-bearing functional exercises targeted at varying levels of mobility, previously described and performed by residents of aged care homes [8] . Exercises were lower limb progressive resistance strength exercises in supported (i.e. holding on to rails) and unsupported positions, and balance exercises challenging postural stability. Two sets of each exercise at an 8-12 repetition maximum were performed. After each class, staff rated each participant's average intensity level out of 5: 5 being high and 1 being low. Scores were guided by participant report and staff assessment.
Outcome measures Primary outcome
Functional performance was measured using the Elderly Mobility Scale (EMS), a 20-point scale previously validated in older adults [13] . It includes a 6-min Walk Test and assessment of balance (Functional Reach Test), transfers and ambulation; larger scores reflect better performance.
Secondary outcomes
Gait speed was calculated from the 6-min walk. Balance was assessed using the Berg Balance Scale (BBS, scale range 0-56) [14] ; the number of participants who achieved the minimal detectable change of ≥7 points [15] was compared between groups. The Timed Up and Go Test (TUGT) was used to measure basic functional mobility [16] ; the number of participants who could perform this test at each time point was recorded. Measures were taken prior to randomisation and within 48 h prior to discharge by a blinded assessor. Success of blinding was measured by assessors guessing group allocation after final assessment. Time spent in physiotherapy sessions was recorded for all participants. The number of exercises, repetitions, sets and intensity performed during HIFE was also recorded. Number of falls, adverse events, length of stay and place of residence prior to admission and discharge destination were recorded.
Data analysis
To detect a one-point difference in EMS scores with 80% power and alpha of 0.05, 468 participants were required. The difference of one-point was based on a pilot study conducted in our setting assuming a standard deviation (SD) of 4.4 points.
Statistical analysis was performed using SPSS for Windows (IBM Corp., Version 23). The Shapiro-Wilk test was used to assess the distribution of the data. Continuous data were analysed as mean (SD) for parametric data. For non-parametric data, within-group differences were assessed using the Wilcoxon signed-rank test and between-group differences reported as effect size (ES) and 95% confidence intervals (95% CIs). The differences in categorical data were analysed using the Chi-squared test. Attendance was the total number of sessions attended divided by the total number of sessions offered. To understand the effects on therapist efficiency, the amount of time saved by delivering group physiotherapy was calculated by determining the difference between the weekly treatment times for control and HIFE participants. Calculations are reported in Appendix 1 of Supplementary data available in Age and Ageing online.
Results were analysed using 'intention-to-treat' analysis. Two sensitivity analyses were performed: unblinded assessments were excluded to evaluate success of blinding and missing data were replaced with the last observation carried forward (LOCF).
Results
Participants
Participants were recruited from October 2008 until August 2015; the last participant was discharged in October 2015. Figure 1 shows the flow of participants through the trial. Primary reasons for declining to enrol were refusal to exercise with others and preferring not to replace individual sessions with group physiotherapy. Primary reasons for ineligibility were being physically unable and/or behavioural or cognitive issues unsuitable for group physiotherapy.
Most participants lived at home (91%) and over half had a fall or fracture ( Table 1) .
Success of blinding
Due to short notice for some discharges, an assessor blinded to allocation was not available for all participants. Final outcome measures were completed by a blinded assessor for 91.0% (n = 426) of outcomes; 6.0% (n = 28) of final outcome measures were unblinded and 3.0% (n = 14) were not obtained due to participants being discharged without adequate notice, transferred to an acute hospital or died. A sensitivity analysis excluding unblinded participants did not alter the between-group findings (see Appendix 2.1 of Supplementary data available at Age and Ageing online).
Primary outcome
The EMS scores improved for both HIFE and control participants with no significant between-group differences, ES = −0.07, 95% CI: −0.26 to 0.11, P = 0.446 (Table 2) . Final median EMS scores (EMS = 16) reflected independent transfers and ambulation with some balance impairment. Sensitivity analysis using LOCF confirmed that there were no between-group differences (see Appendix 2.2 of Supplementary data available at Age and Ageing online).
Secondary outcomes
Significantly more HIFE participants improved their BBS by the minimal clinical detectable difference (i.e. ≥7), 39.6% (control) versus 49.5% (HIFE), χ 2 = 5.056, P = 0.025. There was no between-group difference in ability to perform TUGT on discharge, 92.8% versus 92.2% for HIFE and control participants, respectively, χ 2 = 0.0529, P = 0.819. Over 40% of participants who were previously living at home did not return directly home on discharge, with no difference between groups for discharge destination, χ 2 = 4.113, P = 0.904. Median length of stay from randomisation was 12.3 days [95% CI: 11.2-13.5] and 12.2 days [95% CI: 11.0-13.5] for HIFE and control participants, respectively.
Of those randomised to HIFE, 81% attended at least one class during their admission: these participants averaged a median of 2.1 (interquartile range 1.6-2.5) classes per week (Table 2) . Reasons for non-attendance included being off ward, showering, participating in other interventions or feeling too tired. For the therapist, weekly treatment time spent for two participants was 180 min (control) and 149 min (HIFE); for six participants this was 540 min (control) and 335 min (HIFE). For further details, please see Appendix 1 of Supplementary data available at Age and Ageing online.
Falls and adverse events
There were no adverse events related to participation in the trial. There were 12 falls, with three participants falling twice (two control and one HIFE) with no significant differences between groups in the number of falls, P = 0.406.
Discussion
This is the first randomised controlled trial to investigate a HIFE group programme compared with individual physiotherapy in hospitalised older adults. The results suggest that replacing several individual sessions with the HIFE group may improve mobility to a similar extent as individual sessions alone, without affecting discharge destination or length of stay. Therapists were more efficient utilising group exercise. There were no between-group differences for improvements in EMS or gait speed. These results suggest that multimodal interventions delivered through individual therapy, with or without group-based strength and balance training can improve these measures and that daily, specific gait retraining may not be necessary. Participants experienced improvements in mobility in this trial over a considerably shorter timeframe than other trials, which commonly range from 8 weeks to a year [7, 17] . However, older adults undergoing inpatient rehabilitation are likely to experience some natural recovery from acute illness over a shorter time period than community-dwelling older adults and therefore improvements in mobility may not necessarily be attributed to physiotherapy intervention alone. Participants received more physiotherapy sessions per week than other trials, which commonly included classes one to two times per week [7] .
Balance was improved in a larger proportion of HIFE participants; this may be due to the HIFE balance exercises being specifically aimed at challenging balance, whereas individual physiotherapy exercises may not have included balance exercises or did not challenge balance sufficiently. The lack of adverse events associated with the HIFE programme and the small number of falls across participants with no difference between groups suggests that a HIFE programme poses no additional risk of falls or adverse events in this population.
Group physiotherapy was more efficient for the therapist than individual physiotherapy alone, similar to other populations [18] . These results also suggest that this method of delivery may not negatively impact on outcomes in hospitalised older adults. Other studies report group physiotherapy to be efficient [18] and cost effective [19] , and the time savings reported in this study support these observations. In addition, in those willing to participate, group physiotherapy may engender socialisation, peer support and competition [20, 21] and has been reported to be an enjoyable means of exercising [22] . However, a HIFE group is not feasible for all inpatients, as demonstrated by the number of patients who were not suitable to include (Figure 1 ). As the HIFE group was at a scheduled time, adherence to group sessions was less than individual sessions as participants were unable to make up a missed session later in the day. This study has demonstrated that the HIFE group can significantly improve therapist efficiency while delivering similar outcomes to individual physiotherapy.
Strengths and limitations
Strengths of this study include the blinding of assessors and the large number of participants. Not all HIFE participants attended all classes; however, this reflects ward experiences where it is not feasible for all patients to attend all planned sessions. Due to the heterogeneity of individual physiotherapy, content and intensity were not recorded. Training volume may also be an important variable in outcomes, with equivalent volumes resulting in similar improvements in strength despite intensity [7, 23] . Control participants may have performed exercises at high intensity or a similar training volume at a lower intensity. Future trials should consider recording the content of all sessions to enable further analysis. The rate of perceived exertion scales has been used to monitor intensity; however, these can be difficult to implement those with impaired cognition; as yet there are no scales validated in those with a cognitive impairment.
This study was not powered for equivalence and although small differences between groups cannot be excluded, the differences between groups are unlikely to be clinically significant. Since the development of this trial, a change of two points in the EMS has been suggested as the minimally clinically important difference [24] , which far exceeds the between-group difference in this study. It is possible that the EMS has limited sensitivity and a known ceiling effect; other measures may be considered for future trials. It is a limitation to the study that a formal economic analysis was not conducted. Although this trial did not employ additional staff and time saved was used to provide therapy to other patients, future trials should include an economic analysis to quantify any savings. In Australia, it is common for older adults to receive rehabilitation in an inpatient setting. The findings may not be generalisable to rehabilitation conducted in an outpatient setting, as may occur in other countries.
Given the similar improvements in mobility demonstrated in HIFE participants, clinicians may consider substituting several individual physiotherapy sessions with HIFE classes in hospitalised older adults who are physically and cognitively able to take part.
Key points
• Hospitalised older adults were able to take part in a high intensity functional exercise program.
• TA HIFE group program improved therapist efficiency compared with individual physiotherapy in hospitalised older adults.
• A HIFE group program resulted in similar clinical outcomes as individual physiotherapy in hospitalised older adults.
Supplementary data
Supplementary data mentioned in the text are available to subscribers in Age and Ageing online.
